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5,453,981 
1. 

METHOD OF CONTROLLING 
COMMUNICATION NETWORK 

NCORPORATINGVIRTUAL CHANNELS 
EXCHANGE NODES AND VRTUAL PATHS 

EXCHANGE NODES 

This is a continuation-in-part application of our earlier 
commonly assigned application Ser. No. 07/777,164 filed 
Oct. 16, 1991, and abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of controlling a 
communication network such as an ATM (Asynchronous 
Transfer Mode) network which incorporates a number of VP 
(virtual path) exchange nodes and VC (virtual channel) 
exchange nodes. 

2. Description of the Background Art 
In recent years, progress has been made for developing an 

ATM network as a network architecture for realizing abroad 
band company integrating network and a high speed and 
broad band data communication in a form of B-ISDN 
(broadband-integrated service digital network) system. In 
the ATM network, data are transmitted in units of cells, and 
each cell has a header containing a VCI (virtual channel 
identifier) for identifying a connection between end-users 
and a VPI (virtual path identifier) for identifying a logical 
communication path, such that the desired transfer of the cell 
is achieved at a number of exchange nodes according to 
these VC and VPI. 

There are two types of exchange nodes in the ATM 
network, including a VC exchange node which carries out 
the exchange operation for each VC according to the VCI, 
and a VP exchange node which carries out the exchange 
operation for each VP according to the VPI. The VP is set up 
between the VC exchange nodes, and provides a direct 
logical path between the VC exchange nodes through one or 
more VP exchange nodes. The VP exchange node carries out 
the exchange operation in units of VP by using the VPI only 
regardless of the VCI, while the VC exchange nodes carries 
out the exchange operation in units of VC by using both the 
VCI and the VPI. The set up control for VC including 
operations such as an admission control operation and a 
routing table renewal operation is carried out only at the VC 
exchange nodes. 
A conventional ATM network using both of the VC 

exchange nodes and the VP exchange nodes has a schematic 
configuration shown in FIG. 1, where the network includes: 
a VC exchange node 101 for receiving the VCs from a user 
terminal 100 at which the admission of the VCs is deter 
mined and the admitted VCs are multiplexed and outputted 
to VPs; a VP exchange node 111 for receiving the VPs from 
the VC exchange node 101 and multiplexing and outputting 
them to a transmission path 121; a VP exchange node 112 for 
receiving the multiplexed VPs from the transmission path 
121 and switching them into a transmission path 122 as well 
as other transmission paths (not shown); a VP exchange 
node 113 for receiving the multiplexed VPs from the trans 
mission path 122 and separating and outputting them; and a 
VC exchange node 102 at which the VCs are separated from 
the VPs received from the VP exchange node 113 and 
transmitted to another user terminal (not shown). 
As shown in FIG. 1, the VC exchange node 101 has: an 

input port 131 at which the cell flow for each VC arriving 
From the user terminal 100 is monitored; an ATM switch 
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2 
132 For performing a switching operation on the VCs 
received by the input port 131; an output port 133 for 
performing the priority control at its buffer (when the 
priority control is necessary), multiplexing the VCs output 
ted by the ATM switch 132 into VPs and outputting them to 
a transmission path: and abandwidth managing unit 134 for 
performing the VC admission control in response to the VC 
set up requests from the user terminal 100 in which the 
number of VCs admitted at the input port 131 and the 
allocation of the VCs to be outputted at the output port 133 
are controlled in order to secure the required quality of 
service. Also, separate controlling in units of VP is provided 
at each of the VP exchange nodes 111,112, and 118. 
Now, in the ATM network, it is preferable to achieve a 

highest transmission bandwidth utilization efficiency within 
a limit of maintaining a prescribed cell transfer quality. To 
this end, it is necessary for the network to carry out an 
appropriate bandwidth allocation control by constantly com 
prehending the cell transfer qualities in the network which 
depend on a loading state of the network at each moment. 

In the VP based ATM network, two levels of such a 
bandwidth allocation control will be necessary. Namely, a 
control of the allocation of the VC to the WP, and a control 
of the allocation of the VP to the physical transmission path. 
The former is a control performed for each call (each VC) 
for which only the VC exchange nodes will be relevant. The 
latter is a control performed on a basis of a relatively long 
term traffic demand, in which the VP capacity and the route 
can be changed according to the loading state of the net 
work. 

In order to carry out these bandwidth allocation controls 
appropriately, it is necessary to know what kind of influence 
each level of bandwidth allocation has on the cell transfer 
quality in the network, where the following facts should be 
accounted for. 

In carrying out the allocation of the VC to the VP, it 
becomes necessary to estimate the cell transfer quality 
resulting from the multiplexing of the VC into the VP 
according to the prescribed bandwidth (cell flow) specified 
to each VP and the bandwidth (cell flow) specified for each 
VC. However, the VP will be further multiplexed into the 
transmission path, so that in the actual cell transfer phase the 
cell transfer quality will be affected by the cell flows of the 
other VPs which are multiplexed together. 
On the other hand, the bandwidth (cell flow) of each VP 

is controlled to be within the prescribed bandwidth by the 
control of the allocation of the VC to the VP. However, in the 
actual cell transfer phase, the cell flows of various VCs 
belonging to various VPs transmitted from a number of input 
transmission paths will be switched to the output transmis 
sion path of a target VP, such that there is a possibility for 
violating the prescribed bandwidth specified to the target VP 
depending on the arrival timing of the cell flows arriving at 
the target VP from the different input transmission paths. 

For example, as shown in FIG. 2, when the prescribed 
minimum cell interval in the VP is 10 cell time, the cells 
which are evenly distributed within the 100 cell time such as 
those of the VP1 obtained from the VC1 to VC10 (pre 
scribed minimum cell interval for each of these VCs is set 
to be 100 cell time) cause no problem, but the cells which 
are unevenly distributed within the 100 cell time such as 
those of the VP10 obtained from the VC91 to VC100 
(prescribed minimum cell interval for each of these VCs is 
set to be 100 cell time) will cause a problem as they are 
actually beyond the given capacity of the VP, and this will 
eventually affect the cell transfer qualities of the other VPs 



5,453,981 
3 

as they are multiplexed together on the transmission path. 
In addition, in a case that the allocation of the VC to the 

VP is carried out by allowing the bandwidth of the VP to 
exceed the prescribed bandwidth temporarily on a basis of 
the statistical multiplexing effect, there is a possibility for 
violating the prescribed bandwidth specified to the targetVP 
regardless of the arrival timing of the cell flows arriving at 
the target VP from the different input transmission paths. 
Now, in a case that the actual cell flow of a certain VP is 

violating the bandwidth prescribed to this VP, such a VP can 
statistically influence the other VPs which shares the same 
transmission path with that VP beyond the limit of the 
influence estimated at a time each of these other VPs is 
allocated to that transmission path, such that there is a 
danger of causing the lower cell transfer qualities for the 
other VPs than expected. 

In order to avoid such a problematic situation, it is 
necessary to regularly monitor the cell flow at each VP and 
carry out a transfer control capable of maintaining the cell 
flow of each VP within the prescribed bandwidth. Moreover, 
it is necessary to establish the method of specifying the cell 
transfer quality at the VC exchange node and the VP 
exchange node as well as the method of estimating the 
end-to-end cell transfer quality for VCs in such a transfer 
control. 

However, in a conventional ATM network, a need for such 
a transfer control has been neglected and therefore such a 
method of specifying the cell transfer quality at the VC 
exchange node and the VP exchange node and a method of 
estimating the end-to-end cell transfer quality for the VCs in 
such a transfer control have not been established. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a method of controlling the communication network incor 
porating VC exchange nodes and the VP exchange nodes 
such that the cell flow of each WP can be maintained within 
the prescribed characteristic while the end-to-end cell trans 
fer quality for VCs can be estimated easily and accurately. 

According to one aspect of the present invention there is 
provided a method of controlling a communication network 
including VC (virtual channel) exchange nodes and VP 
(virtual path) exchange nodes, where each of the VC 
exchange nodes carries out cell exchange operations in units 
of VC, each of the VP exchange nodes carries out cell 
exchange operations in units of VP, and VPs are provided 
between the VC exchange nodes through the VP exchange 
nodes, the method comprising the steps of: (a) controlling 
cell -transfer from the VC exchange nodes to the VP 
exchange nodes such that cell flow of each VP is controlled 
within. prescribed traffic characteristics specified to said 
each VP; (b) specifying a cell transfer quality at each of the 
VC exchange node in terms of a first cell transfer quality 
dependent on a control of the cell transfer at the step (a), and 
a second cell transfer quality independent on the control of 
the cell transfer at the step (a); (c) specifying a cell transfer 
quality at each of the VP exchange node by a third cell 
transfer quality independent on the control of the cell 
transfer at the step (a) alone; (d) estimating an end-to-end 
cell transfer quality for each VC in the communication 
network in terms of the cell transfer quality of each of the 
VC exchange nodes specified at the step (b) and the cell 
transfer quality of each of the VP exchange nodes specified 
at the step (c); and (e) carrying out abandwidth management 
in the communication network such that the end-to-end cell 
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4 
transfer quality estimated at the step (d) becomes higher than 
a desired quality of service. 

According to another aspect of the present invention there 
is provided a communication network, comprising: VC 
(virtual channel) exchange nodes, each of the VC exchange 
nodes carrying out cell exchange operations in units of VC, 
VP (virtual path) exchange nodes, each of the VP exchange 
nodes carrying out cell exchange operations in units of VP, 
where VPs are provided between the VC exchange nodes 
through the VP exchange nodes; and output control means 
for controlling cell transfer from the VC exchange nodes to 
the VP exchange nodes such that cell flow of each VP is 
controlled within prescribed traffic characteristics specified 
to said each VP; wherein each of the VC exchange nodes has 
a cell transfer quality specified in terms of a first cell transfer 
quality dependent on a control of the cell transfer by the 
output control means, and a second cell transfer quality 
independent on the control of the cell transfer by the output 
control means, while each of the VP exchange nodes has a 
cell transfer quality specified by a third cell transfer quality 
independent on the control of the cell transfer by the output 
control means alone; and each of the VC exchange nodes 
estimates an end-to-end cell transfer quality for each VC in 
the communication network in terms of the cell transfer 
quality of each of the VC exchange nodes and the cell 
transfer quality of each of the VP exchange nodes, and 
carries out a bandwidth management to maintain the esti 
mated end-to-end cell transfer quality above a required 
quality of service. 

Other features and advantages of the present invention 
will become apparent from the following description taken 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic configuration diagram for a con 
ventional ATM network using the VC exchange nodes and 
the VP exchange nodes. 

FIG. 2 is a diagram of cell flows in the VCs and VPs, 
illustrating a problem arising in the conventional ATM 
network. 

FIG. 3 is a schematic diagram for one embodiment of an 
ATM network using the VC exchange nodes and the VP 
exchange nodes according to the present invention. 

FIG. 4 is a detail diagram for a part of the ATM network 
of FIG. 3. 

FIG. 5 is a schematic diagram for a part of the ATM 
network of FIG. 3, showing a detail view of a VP shaping 
unit provided at a VC exchange node. 

FIG. 6 is a schematic diagram for a part of the ATM 
network of FIG. 3, illustrating a function of a VP shaping 
unit provided at a VC exchange node. 

FIG. 7 is a detail diagram for an example of an ATM 
network according to the present invention, for explaining 
the operation of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to FIG. 3, one embodiment of an ATM 
network using the VC exchange nodes and the VP exchange 
nodes will be described in detail. 

In this embodiment, the ATM network generally com 
prises: a plurality of user terminals 1 and 7; customer 
networks 9A and 9B to which the user terminals 1 and 7 are 
connected and which are owned by a user such as a 
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company, and a public network 8 owned by a telecommu 
nication network carrier. The customer networks 9A and 9B 
includes a VC exchange node 2A and a VC exchange node 
2B, respectively. On the other hand, the public network 8 
includes a plurality of VC exchange nodes 4A and 4B as 
well as a plurality of VP exchange nodes 3A, 5A, 6, 5B, and 
3B. 

Here, each VP exchange node performs an exchange 
operation in units of VP and multiplexes or separates the cell 
flows to and from the transmission path in units of VP, while 
each VC exchange node performs an exchange operation in 
units of VC and multiplexes or separates the cell flows to 
and from the VP in units of VC, and then multiplexes or 
separates the cell flows to and from the transmission path in 
units of VP. The control of the allocation of the VPs to the 
transmission path including a VP capacity setting is carried 
out on a basis of a long term or short term traffic demand, 
independently from the control of the allocation of the VCs 
to the VPs which is carried out every time the VC set up 
request is received from a user. 
The VP exchange nodes 3A and 3B connected with the 

VC exchange nodes 2A and 2B, respectively, function to 
combine or separate the VPs from a plurality of customer 
networks. The VC exchange nodes 4A and 4B connected 
with the VP exchange nodes 3A and 3B, respectively, 
function to terminate VPs and carry out the exchange 
operation in units of VC in the public network 8. The VP 
exchange nodes 5A and 5B connected with the VC exchange 
nodes 4A and 4B, respectively, function to transmit the cell 
flows to and from the other VP exchange nodes such as the 
VP exchange node 6 provided in the public network 8. 

In further detail, the VP exchange nodes 3A and 5A and 
the VC exchange node 4A in the public network 8 has a 
configuration shown in FIG. 4. 
The VP exchange node 3A comprises: a subscriber inter 

face unit 32 connected to a subscriber transmission path 31; 
an internal interface unit 33-1 connected to an internal 
transmission path 34-1 between the VP exchange node 3A 
and the VC exchange node 4A; an ATM switch 37-1; and a 
control unit (not shown). The VC exchange node 4A con 
prises: an internal interface unit 33-2 connected to the 
internal transmission path 34-1; an internal interface unit 
33-3 connected to an internal transmission path 34-2 
between the VC exchange node 4A and the VP exchange 
node 5A; an ATM switch 37-2; and a control unit (not 
shown). The VP exchange node 5A comprises: an internal 
interface unit 33-4 connected to the internal transmission 
path 34-2, an inter-node interface unit 35 connected to an 
inter-node transmission path 36; an ATM switch 37-3; and a 
control unit (not shown). Here, each of the interface units 32, 
33-1,33-2, 33-3, 33-4, and 35 has an input interface function 
as well as an output interface function. 
At the subscriber interface unit 32 and the internal inter 

face unit 33-1 of the VP exchange node 3A and the internal 
interface unit 33-4 and the inter-node interface unit 35 of the 
VP exchange node 5A, the VPI to be rewritten and the output 
interface number are added to the header of the entered cell 
by looking up the header conversion table according to the 
VP of the entered cell. 

At the ATM switches 37-1 and 37-3 of the VP exchange 
nodes 3A and 5A, the cell is transferred by hardware to the 
desired output interface according to the output interface 
number in the header of the cell. In general, the cells of a 
plurality of VPs are multiplexed together in the cells enter 
ing from the input interface, and the cells of a plurality of 
VPs are multiplexed together in the cells outputted to the 
output interface. 
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6 
At the internal interface units 33-2 and 33-3 of the VC 

exchange node 4A, the VPI/VCI to be rewritten and the 
output interface number are added to the header of the 
entered cell by looking up the header conversion table 
according to the VPI/VCI of the entered cell. 
At the ATM switch 37-2 of the VC exchange node 4A, the 

cell is transferred by hardware to the desired output interface 
according to the output interface number in the header of the 
cell. In general, the cells of a plurality of VPs are multi 
plexed together in the cells entering from the input interface, 
and the cells of a plurality of VCs are multiplexed together 
in each VP. Also, the cells of a plurality of VPs are 
multiplexed together in the cells outputted to the output 
interface, and the cells of a plurality of VCs are multiplexed 
together in each 
The VC exchange node 4A is further equipped with a VP 

shaping unit 40 shown in FIG. 5 on its internal interface unit 
33-3. In the following, it is assumed that the ATM switch 
37-2 of the VC exchange node 4A has a sufficiently fast 
operation speed and that the deterioration of the cell transfer 
quality at the internal interface unit 33-2 and the ATM switch 
37-2 is negligibly small. 

This VP shaping unit 40 comprises: a VP demultiplexing 
unit 41 for separating the cells received from the ATM 
switch 37-2 into different VPs according to the VPIs of the 
received cells; shaping buffers 42-1 to 42-n provided in 
correspondence to VPs which may be divided either physi 
cally or logically to which the cells separated by the VP 
demultiplexing unit 41 are stored according to their VPs; a 
transfer control unit 44 for controlling the output rate of the 
shaping buffers 42-1 to 42-n in order to control the cell flows 
within the prescribed bandwidth of each VP; a VP multi 
plexing unit 46 for multiplexing the cells outputted from the 
shaping buffers 42-1 to 42-n under the control of the transfer 
control unit 44; and an output buffer 47 for storing the 
multiplexed cells obtained by the VP multiplexing unit 46 
before they are outputted to the internal transmission path 
34-2A between the VC exchange node 4A and the VP 
exchange node 5A in accordance with the transmission path 
speed. 

This VP shaping unit 40 functions to shape the cell flow 
in each VP such that the cells are outputted while maintain 
ing the prescribed bandwidth as shown in FIG. 6. 
The cells entered from the ATM switch 37-2 to the WP 

shaping unit 40 will pass through one of the shaping buffers 
42-1 to 42-n as well as the output buffer 47, and the 
deterioration of the cell transfer quality such as a cell 
transfer delay and a cell loss in this embodiment can be 
attributed to these buffer effects alone. 

Here, the cell transfer delay or the cell loss at the shaping 
buffers 42-1 to 42-n (referred hereafter as the first cell 
transfer quality) can be estimated from the traffic character 
istics corresponding to the capacity specified to each VP and 
the traffic characteristics specified for each VC multiplexed 
in that VP. This first cell transfer quality related to the 
transfer control for each VP in a form of shaping can be 
specified to each VP at any desired level, and different levels 
may be specified to different VPs. 
On the other hand, the cell transfer delay or the cell loss 

at the output buffer 47 (referred hereafter as the second cell 
transfer quality) can be estimated from the payload capacity 
of the internal transmission path and the traffic characteris 
tics specified to each VP multiplexed in this internal trans 
mission path which is the maximum allowable cell flow 
corresponding to the capacity of that VP rather than the 
actual cell flow in that VP. 
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Thus, the cell transfer quality at the VC exchange node 
can be represented by the first cell transfer quality related to 
the VP shaping and second cell transfer quality related to the 
multiplexing of VPs. 
Now, the cell transfer quality at the VC exchange node 

described above varies every time a new VC is set up or 
released. In such a case, however, only the first cell transfer 
quality can be regarded as varying every time a new VC is 
set up or released while regarding the second cell transfer 
quality as unchanged. This is because the first cell transfer 
quality depends on the information regarding how many 
VCs of what kinds of characteristics are set up in each VP 
which changes every time a new VC is set up or released, 
while the second cell transfer quality depends on the infor 
mation regarding how many VPs of what kinds of specified 
characteristics are set up in each transmission path, i.e., the 
predetermined capacity of each VP and a number of VPs, so 
that this second cell transfer quality can be considered as 
independent of the information regarding how many VCs 
are set up in each VP. 

In contrast to the VC exchange node, the VP exchange 
node has no transfer control for each VP, and the cell flows 
received from the ATM switch are stored at an output buffer 
and then outputted to the transmission path as they are. This 
is because the cell flow of each VP is always controlled 
within the prescribed bandwidth of that VP by the transfer 
control at the VC exchange node before being transmitted to 
the VP exchange nodes, so that there is no need for the VP 
exchange nodes to repeat the same transfer control again. 

Thus, the cell transfer quality at the VP exchange node 
can be represented by the third cell transfer quality due to the 
output buffer alone, which can be estimated from the capac 
ity of the transmission path and the prescribed bandwidth 
specified in advance to each VP multiplexed in that trans 
mission path. Consequently, the cell transfer quality at the 
VP exchange node can be regarded as a fixed value unaf 
fected by the set up or release of a new VC in that VP, for 
which the worst possible estimation value is used. 

Referring now to FIG. 7, a case of transmitting the cell 
flow of a certain VC in a certain VP will be described in 
order to explain the operation in the ATM network described 
above. 

In the following, an exemplary case using the minimum 
interarrival time TO(VP) as the traffic descriptor of VP, the 
minimum interarrival time TO(VC) as the traffic descriptor 
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of VC, and the leaky bucket scheme with the bucket size B 
and the leak rate R will be described. (See, J. S. Turner: 
"New Directions in Communications', IEEE Commun. 
Mag., Vol. 24, No. 10, p. 8, October 1986.) It is to be noted 
here that the cases using other types of the traffic descriptors 
can be handled in the similar manner> Moreover, for the 
sake of simplicity, the case of using the cell loss rate as the 
cell transfer quality will be described below, but it should be 
noted that the case using the transfer delay as the cell 
transfer quality can be handled in the similar manner. 

FIG. 7 illustrates a case in which the VP 10 is provided 
from the VC exchange node 11 to the VC exchange node 14 
through the VP exchange nodes 12 and 13. The VC 
exchange node 11 has an input interface unit 16, an ATM 
switch 23, and an output interface unit 17; the VP exchange 
node 12 has an input interface unit 18, an ATM switch 24, 
and an output interface unit 19; the VPexchange node 13 has 
an input interface unit 20, an ATM switch 25, and an output 
interface unit 21; and the VC exchange node 14 has an input 
interface unit 22. Also, the VC exchange node 11 and the VP 
exchange node 12 are connected by a transmission path 26, 
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8 
the VP exchange node 12 and the VP exchange node 13 are 
connected by a transmission path 27, and the VP exchange 
node 13 and the VC exchange node 14 are connected by a 
transmission path 28. 

In the following, the ATM switches 23, 24, and 25 of the 
VC exchange node 11 and the VP exchange nodes 12 and 13 
are assumed to have a sufficiently large throughput and the 
deterioration of the cell transfer quality at the ATM switch 
is assumed to be negligibly small. 
Now, at the VC exchange node 11, a cell flow of a certain 

VC is transmitted from the input interface unit 18 through 
the ATM switch 23 to the output interface unit 17. This 
output interface unit 17 of the VC exchange node 11 is 
equipped with a VP cell transfer control function 29 and a 
VP multiplexing function 30-1. Here, the VP cell transfer 
control function 29 carries out the VP shaping. Namely as 
shown in FIG. 5, the cells are demultiplxed into VPs and 
each demultiplexed VP is supplied into the buffer for this VP 
such that the time interval greater than or equal to the 
minimum interarrival time TO(VP) is present between suc 
cessive cells outputted from the buffer. 

Here, the worst possible value QOS is given by the 
probability for the cell to be discarded at the buffer for each 
VP, which can be calculated by the following equation, as 
described in H. Suzuki et al.: "A Burst Traffic Control 
Strategy for ATM Networks', Proc. of GLOBECOM'90, 
505.6, 1990. 

QOS= 

1. 

XRi 

where TO(VCi) is the minimum interarrival time for the i-th 
VC multiplexed into the VP, Riis the leak rate of the leaky 
bucket for the i-th VC, 8i=0 or 1, and 

Ri - 
1. - TO(VC) for 8i = 0 

Pi(Si) = 
afia- for 8i = 1 

TO(VC) 

This value QOS is the first cell transfer quality. As can be 
seen from the above equations that this first cell transfer 
quality can be determined solely from the traffic descriptor 
of VC and the traffic descriptor of VP. 
On the other hand, at the VP multiplexing function 30-1, 

the similar cell loss occurs. Here, the worst possible value of 
the cell loss rate at the output buffer of the VP multiplexing 
function 30-1 which gives the second cell transfer quality 
QOS can be obtained from the capacity C of the transmis 
sion path and the traffic descriptor TO(VP) of VP alone, by 
applying-the X Di/D/1 model as described in G. Ramamurthy 
et al.: Delay Analysis of a Packet Voice Multiplexer by the 
X Di/D/1 Queue", IEEE Trans. Commun., Vol.39, No. 7, p. 
1107, July 1991. Note here that this second cell transfer 
quality QOS is independent of the traffic descriptor of VC. 

Next, the cell flow is transmitted from the VC exchange 
node 11 through the transmission path 26 to the VP exchange 
node 12. Then, at the input interface unit 18, the VPI of the 
cell is looked up, and according to the routing information 
obtained from the VPI, the cell flow is transmitted through 
the ATM switch 24 to the output interface unit 19. This 
output interface unit 19 of the VP exchange node 12 is 
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equipped with a VP multiplexing function 30-2, so that the 
cell transfer quality at this VP exchange node 12 can be 
deteriorated by the cell transfer delay or the cell loss at the 
output buffer associated with the VP multiplexing function 
30-2 (third cell transfer quality). The estimation value for the 
third cell transfer quality at the VP multiplexing function 
30-2 is represented as QOS. 

Here, the cell loss rate at the VP multiplexing function 
30-2 can be obtained similarly as the cell loss rate at the VP 
multiplexing function 80-1 described above, by using only 
the traffic descriptor of VP, because the VP cell transfer 
control function 29 guarantees that the VP characteristic is 
satisfying the traffic descriptor. 

Similarly, the cell flow is transmitted from the VP 
exchange node 12 through the transmission path 27 to the 
VP exchange node 13. Then, at the input interface unit 20, 
the VPI of the cell is looked up, and according to the routing 
information obtained from the WPI, the cell flow is trans 
mitted through the ATM switch 25 to the output interface 
unit 21. This output interface unit 21 of the VP exchange 
node 13 is equipped with a VP multiplexing function 30-3, 
so that the cell transfer quality at this VP exchange node 13 
can be deteriorated by the cell transfer delay or the cell loss 
at the output buffer associated with the VP multiplexing 
function 30-3 (third cell transfer quality). The estimation 
value for the third cell transfer quality at the VP multiplexing 
function 30-3 is represented as QOS. 

Next, the cell flow is transmitted from the VP exchange 
node 13 through the transmission path 28 to the VC 
exchange node 14. Then, at the input interface unit 22, the 
VPI/VCI of the cell is looked up, and the operation in units 
of VC is carried out at the VC exchange node 14 which 
terminates the WP 10. 

Thus, the estimation value for the cell transfer quality of 
this certain VC through the VP connection 10 is specified by 
the first cell transfer quality QOS and the second cell 
transfer quality QOS at the VC exchange node 1, the third 
cell transfer quality QOS at the VP exchange node 12, and 
the third cell transfer quality QOS at the VP exchange node 
18. More specifically, the worst possible value of the cell 
loss rate which gives the end-to-end cell transfer quality 
QOSe-e can be expressed: 

OOSe-e=1-(1-OOS (1-QOS)(l-QOS,)(1-QOS) 

and in a case all of QOS QOS, QOS, and QOS are 
sufficiently small compared with 1, the end-to-end cell 
transfer quality is given by: 

Among these, only the first cell transfer quality QOS at 
the VC exchange node 11 varies every time a new cell is set 
up or released in the VP 10. The second and third cell 
transfer qualities QOS, QOS and QOS are estimated on a 
basis of the capacities (upper limit for cell flow) specified in 
advance to the VPs multiplexed in the transmission paths, so 
that they can be set equal to a fixed value unaffected by the 
setup or release of a new VC in each VP, for which the worst 
possible estimation value is used. Consequently, the safe 
estimation can be made for these second and third cell 
transfer qualities. 
The bandwidth management is carried out to make the 

cell transfer quality not to become lower than the desired 
quality. To this ned, before the VC is actually set up, the 
end-to-end cell transfer quality expected to be obtained 
when the new VC is set up is obtained by the above 
described manner. In a case the obtained end-to-end cell 
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10 
transfer quality becomes lower than the desired quality (i.e., 
when the value becomes greater in a case of the cell loss 
rate), the set up of the new VC is not carried out. In this 
manner, it becomes possible to make the end-to-end cell 
transfer quality not to become lower than the desired value. 

Also, as the other example of the bandwidth management, 
it is possible to change the traffic descriptor of VP. Namely, 
when the cell transfer quality of VC passing through a 
certain VP becomes close to the desired quality, it becomes 
difficult to set up the new VC in that VP. In such a case, if 
the cell transfer quality of the VC passing through the other 
VP is very good one, by changing the traffic descriptor of VP 
such that both of these cell transfer qualities become close 
to each other, it becomes possible to set up the new VC in 
the VP, and the ATM network can be used efficiently. 
As explained above, in this embodiment, the VP exchange 

node have no need to carry out the bandwidth management 
in units of VC even when a new VC is set up or released in 
each VP. Also, by appropriately setting the allowable value 
for the QOS for each VP which corresponds to an upper 
limit of a load allowed to each VP, the end-to-end cell 
transfer quality can be secured within a limit given by the 
worst possible value, and various different cell transfer 
qualities can be realized at the VC exchange node without 
affecting the VP exchange node. In other words, the quality 
designing at the VC exchange node and the quality design 
ing at the VP exchange node can be separated completely. 

It is to be noted that many modifications and variations of 
the above embodiment may be made without departing from 
the novel and advantageous features of the present inven 
tion. Accordingly, all such modifications and variations are 
intended to be included within the scope of the appended 
claims. 
What is claimed is: 
1. A method of controlling a communication network 

including VC (virtual channel) exchange nodes and VP 
(virtual path) exchange nodes, where each of the VC 
exchange nodes carries out cell exchange operations in units 
of VC, each of the VP exchange nodes carries out cell 
exchange operations in units of VP, and VPs are provided 
between the VC exchange nodes through the VP exchange 
nodes, the method comprising the steps of: 

(a) controlling cell transfer from the VC exchange nodes 
to the VP exchange nodes such that cell flow of each VP 
is controlled within prescribed traffic characteristics 
specified to said each VP; 

(b) specifying a cell transfer quality at each of the VC 
exchange node in terms of a first cell transfer quality 
dependent on a control of the cell transfer at the step 
(a), and a second cell transfer quality independent on 
the control of the cell transfer at the step (a); 

(c) specifying a cell transfer quality at each of the VP 
exchange node by a third cell transfer quality indepen 
dent on the control of the cell transfer at the step (a) 
alone, 

(d) estimating an end-to-end cell transfer quality for each 
VC in the communication network in terms of the cell 
transfer quality of each of the VC exchange nodes 
specified at the step (b) and the cell transfer quality of 
each of the VP exchange nodes specified at the step (c); 
and 

(e) carrying out a bandwidth management in the commu 
nication network such that the end-to-end cell transfer 
quality estimated at the step (d) becomes higher than a 
desired quality of service. 

2. The method of claim 1, wherein at the step (a), the 
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control of the cell transfer achieves a VP shaping of the cell 
flows in the VPs. 

3. The method of claim 2, wherein at the step (a), the VP 
shaping is achieved by using shaping buffer means for 
storing cells transmitted from each of the VC exchange node 
to each of the VP exchange node and transfer control means 
for controlling an output rate for each VP from the shaping 
buffer means. 

4. The method of claim3, wherein at the step (b), the first 
cell transfer quality is related to operations of the shaping 
buffer means. 

5. The method of claim 4, wherein at the step (b), the first 
cell transfer quality is estimated by using traffic character 
istics of VCs and VP 

6. The method of claim 1, wherein at the step (b), the 
second cell transfer quality is related to a multiplexing of 
VPs into a physical transmission path. 

7. The method of claim 6, wherein at the step (b), the 
second cell transfer quality is regarded as a worst possible 
value predictable by using traffic characteristics of VPs and 
a capacity of the physical transmission path. 

8. The method of claim 1, wherein at the step (b), the third 
cell transfer quality is related to a multiplexing of VPs into 
a physical transmission path. 

9. The method of claim 8, wherein at the step (c), the third 
cell transfer quality is regarded as a worst possible value 
predictable by using traffic characteristics of VPs and a 
capacity of the physical transmission path. 

10. A communication network, comprising: 
VC (virtual channel) exchange nodes, each of the VC 

exchange nodes carrying out cell exchange operations 
in units of VC; 

VP (virtual path) exchange nodes, each of the VP 
exchange nodes carrying out cell exchange operations 
in units of VP, where VPs are provided between the VC 
exchange nodes through the VP exchange nodes; and 

output control means for controlling cell transfer from the 
VC exchange nodes to the VP exchange nodes such that 
cell flow of each VP is controlled within prescribed 
traffic characteristics specified to said each VP, 

wherein each of the VC exchange nodes has a cell transfer 
quality specified in terms of a first cell transfer quality 
dependent on a control of the cell transfer by the output 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
control means, and a second cell transfer quality inde 
pendent on the control of the cell transfer by the output 
control means, while each of the VP exchange nodes 
has a cell transfer quality specified by a third cell 
transfer quality independent on the control of the cell 
transfer by the output control means alone; and 

each of the VC exchange nodes estimates an end-to-end 
cell transfer quality for each VC in the communication 
network in terms of the cell transfer quality of each of 
the VC exchange nodes and the cell transfer quality of 
each of the VP exchange nodes, and carries out a 
bandwidth management to maintain the estimated end 
to-end cell transfer quality above a required quality of 
service. 

11. The network of claim 10, wherein the output control 
means control the cell transfer so as to achieve a VP shaping 
of the cell flows in the VPs. 

12. The network of claim 11, wherein the output control 
means includes: shaping buffer means for storing cells 
transmitted from each of the VC exchange node to each of 
the VP exchange node; and transfer control means for 
controlling an output rate for each VP from the shaping 
buffer means. 

13. The network of claim 12, wherein the first cell transfer 
quality is related to operations of the shaping buffer means. 

14. The network of claim 13, wherein the first cell transfer 
quality is estimated by using traffic characteristics of VCs 
and VP 

15. The network of claim 10, wherein the second cell 
transfer quality is related to a multiplexing of VPs into a 
physical transmission path. 

16. The network of claim 15, wherein the second cell 
transfer quality is regarded as a worst possible value pre 
dictable by using traffic characteristics of VPs and a capacity 
of the physical transmission path. 

17. The network of claim 10, wherein the third cell 
transfer quality is related to a multiplexing of VPs into a 
physical transmission path. 

18. The network of claim 17, wherein the third cell 
transfer quality is regarded as a worst possible value pre 
dictable by using traffic characteristics of VPs and a capacity 
of the physical transmission path. 
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